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YieldAbstract Four ﬁeld experiments were carried out at Gemmieza Agricultural Experimental
Research Station, AL-Gharbia Governorate during the four seasons of winter, 2012/2013, summer
2013, winter 2013/2014 and summer 2014 under exhausted clay soil condition to study the effect of
three different tillage systems (conventional tillage (CT), conservation agriculture (CA) and semi-
CA (SCA)) and two levels of NPK fertilizers (100% of the recommended doses of NPK and 1/2
recommended doses of it) on yield and its components of wheat (Gemmeiza-9 variety) and soybean
(Giza-111 variety) through (maize–wheat–soybean–wheat–soybean) (M/W/S/W/S) cropping sys-
tem.
Results revealed that, during the winter season of 2012/2013, all studied wheat traits and gross
energy (kcal/kg) signiﬁcantly were increased by feeding 100% of the recommended doses of
NPK fertilizer compared by adding the half NPK doses.
The effect of tillage systems during the summer season of 2013 did not differ signiﬁcantly due to
studied soybean traits. During the winter season of 2013/2014, the results showed that, CA tillage
system increased signiﬁcantly all the studied wheat traits as compared with the other tillage systems.
Referring to the summer season of 2014, CA system scored signiﬁcant high values for the studied
soybean traits.
As for the effect of studied NPK fertilizer levels, results indicated that, 100% of the recommended
doses of NPK favored the values of the studied soybean and wheat traits signiﬁcantly during sum-
mer 2013 and winter 2013/2014, as compared by 50% of the recommended dose of NPK fertilizers,
while there are no signiﬁcant differences between the two fertilizer levels for soybean traits in the
third season (summer, 2014).
With regard to the ﬁrst order interaction effect between the tested factors, results of the three trial
seasons revealed that growing soybean or wheat under the condition of conservation agriculture
(CA) and fed by 100% or 50% of the recommended dose of NPK fertilizers scored the greatest val-
ues for most of soybean studied traits and wheat, and the differences between them did not reach
the signiﬁcant level. In contrast, the lowest values were resulted under the condition of conventional
tillage (CT) and fed by 50% of the recommended dose of NPK fertilizers.
As for the recorded improvement of soil fertility, results indicated that, CA led to decrease the EC
by 2.21% and increased the organic matter (OM) by 391.5% and available N by 210.7%, P by
272.7% and K by 183.5% under the condition of half recommended dose of NPK fertilizer as
106 O.M. Harb et al.compared with the analysis before starting the project plan. It is worthy to mention that the com-
parison between CT and CA system under the condition of half NPK dose fertilizer cleared, and
CA exposed its superiority to improve the soil content of OM by 20.6%, available N by 42.62%,
and P by 10.06% and K by 42.5% as compared with CT system.
ª 2015 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Table 1 Soil properties before the beginning of the experi-
ment (0–30 cm).
PH
(1:2)
EC
(ppm)
Organic
matter (OM)
(%)
N
(mg kg1)
P
(mg kg1)
K
(mg kg1)
7.9 174.08 0.46 28.0 0.44 20.1Introduction
Agricultural farming systems involving extensive tillage and
removal or on-site burning of crop residuals led to soil erosion
and degradation (Verhulst et al., 2010). This depletion of soil
fertility has now been associated with low productivity and
subsequent decline in food security in Africa (Giller et al.,
2009) which led to encourage the farmers to the intensive use
of chemical fertilizer looking for proﬁt and caring least about
soil pollution. Even with interventions such as the introduction
of high yielding improved varieties, the poor management of
the soil has still resulted in persistently low productivity
(Hobbs, 2007), in response to this challenge. Conservation
agriculture is a farming system based on three principles: (1)
minimum soil disturbance, (2) permanent soil cover with crop
residuals and/or cover crops; and (3) crop rotations with dif-
ferent plant species, which include legumes (FAO, 2010). The
derived positive beneﬁts of CA practices have, however, been
linked to several factors including management, environmental
and soil conditions prevailing in different agro ecological
regions, type of crop grown and the length of period of
practice (Haggblade and Gelson, 2003; Thierfelder and Wall,
2010). Conservation agriculture (CA) is increasingly promoted
in Africa as an alternative for coping with the need to increase
food production based on more sustainable farming practices.
CA is speciﬁcally seen as a way to address the problems of soil
degradation resulting from agricultural practices that deplete
the organic matter and nutrient content of the soil. It aims
to higher crop yields and lower production costs. Yet,
success with adopting CA on farms in Africa has been
limited (Kassam et al., 2009). The effects of CA on crop
productivity in CA farming systems have not yet been reported
in Egypt. The study therefore evaluated the effect of CA
practices and fertilizer levels on crop productivity under
(maizeﬁ wheatﬁ soybeanﬁ wheatﬁ soybean) cropping
system.
Materials and methods
Four ﬁeld experiments which were conducted under the condi-
tion of the exhausted clay soil of Gemmieza Agricultural
Experimental Research Station, Egyptian Agricultural
Research Center (ARC), during the four growing seasons,
winter 2012/2013, summer 2013 and winter 2013/2014 and sum-
mer 2014, to study the effect of some tillage systems and NPK
fertilizers rates through (maize–wheat–soybean–wheat–soybean)
cropping systemon soybean andwheat cropperformance and the
changes on the soil fertility at the end of the research plan.
At the beginning of the research, soil experiment was
planned in the ﬁled in which maize crop was cultivated before
at summer 2012, and the by-product of maize crop washammered and mixed with the soil surface at the depth of
30 cm. Rows were established in the experiment soil at 51 cm
width, and these rows were kept as they were used for cultivat-
ing wheat in line in the two sides of each under two levels of
NPK (100% and 50% of the recommended dose of each);
for that reason, the tillage treatments did not carry out.
Starting from summer 2013, tillage treatments were con-
ducted, as well as NPK fertilizer treatments. Previously, in
the ﬁeld area, wheat was cultivated, and it was divided into
two equal areas to cultivate randomly maize and soybean.
Table 1 shows the chemical analysis of the experimental site
before starting experiments as following:
The studied experimental treatments
The treatments of this experiment can be summarized as follows:
Tillage system treatments (TS)
(a) Conventional tillage (CT)
Under this method the normal agricultural practices of
growing crop were done, and the soil was plowed at 40 cm
depth followed by single disking before planting.
(b) Semi-conservation agriculture (SCA)
This method was conducted without any soil preparation
service and the by-products of the previous crop were ham-
mered manually and left until seed cultivation takes place.
(c) Conservation agriculture (CA)
Under this method the soil was left without any land prepa-
ration and the previous crop residuals were hammered and left
on soil surface, the seedbed was established by hand drilling
for soybean and wheat instead of the sowing machine.
Fertilizer treatments
 100% of the recommended fertilizer (NPK),
 50% of the recommended fertilizer (1/2 NPK).
For each crop as shown in Table 2.
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single calcium super phosphate (15.5% P2O5) during soil
preparation for CT tillage system while that fertilizer was
added broadcasting through SCA and CA tillage systems.
Then, the recommended nitrogen fertilizer was applied in the
form of urea (46%N) before water irrigation.
As for wheat, the nitrogen fertilizer was added in ﬁve equal
portions as follows:
1. At emergence stage just before the ﬁrst irrigation at plant
age of 20 days from sowing date.
2. At tillering stage, before the second irrigation at plant age
of 40 days from sowing date.
3. At elongation stage before the third irrigation.
4. At booting stage before the fourth irrigation.
5. At grain ﬁlling stage before the ﬁfth irrigation.
In reference to soybean, inoculation for its seed was done
successfully by Rhizobium jabonicum and the nitrogen fertiliza-
tion was taken place before Mohayah irrigation at the rate of
15 kg N/fed.
Referring to Giza-111 soybean variety, 2–3 seeds were sown
in hills, at 15 cm apart using hand aﬁre method on the 5, 7th
April in 2013 and 2014 seasons and harvested on the 16,
20th August 2013 and 2014 respectively.
In addition, Gemmeiza-9 wheat variety was hand aﬁre
planted on the 20th October 2012 and 2013 seasons and
harvested on the 26th March 2013 and 2014.
Chemical weed control
Weeds were controlled during three seasons as follows:
For wheat: 45% of OD herbicide balls was applied at 2–4
leaf stage of wheat plant as postemergence at the rate of
160 cm3/fed.
Soil chemical analysis
To record the soil fertility state at the end of M–W–S–W–S
cropping sequence, soil samples were collected at the experi-
ment site to the depth of 30 cm after the removal of visible
crop residuals from the soil surface for each treatment, and
it was air-dried for chemical analysis as recorded in Table 7.
This chemical analysis was performed at Soil, Lab., Soil
Dep., Fac. Agric., Khafr El-Sheikh Univ., Egypt as recom-
mended by Sparks et al. (1996).
Experimental design
At the beginning of winter 2012/2013 season, wheat experi-
ment was conducted, focused on two NPK fertilizer rates ofTable 2 The recommended nitrogen, phosphorous and potas-
sium fertilizer and seeding rates for study crops.
Fertilizer
crops
Nitrogen (kg
N/fed)
P2O5 15%
(kg/fed)
Before
planting
K2SO4
(kg/fed)
Seeding rate
(kg/fed)
Wheat 75 100 50 75
Soybean 15 150 50 40100% recommended doses and 50% of the recommended
NPK rate of wheat crop. Starting from summer 2013 the
tillage treatment was conducted for each crop involved in the
crop sequence of maize–wheat–soybean–wheat–soybean.
Each ﬁeld experiment included six treatments which were
the combination of the three systems of tillage practice and
two levels of fertilizer. A split-plot design with three replicates
was used. In each replicate the main plots were randomly
devoted to the three systems of tillage practice (CT, SCA
and CA) at the area of 117 m2 (13 m · 9 m). The area of
sub-plots was randomly assigned to the two levels of fertilizer
(100% of the recommended of NPK and half NPK), with each
area measuring 16 m2 (4 m length and 4 m width), which was
separated from each other by 1 m alleys.
The experiment consisted of 18 plots. All plots were irri-
gated by surface irrigation system every 10 day for soybean
crop and 20 days intervals for wheat crop according to region
study weather conditions.
Statistical analysis
All data were exposed to the proper statistical analysis accord-
ing to Gomez and Gomez (1984). The mean values were com-
pared at 5% level of signiﬁcance using least signiﬁcant
differences (LSD) test.
Studied attributes
Yield and yield components
At harvest time, the following measurements were recorded:
Wheat crop:
 Number of spikes per m2: It was determined from random
samples of 1 m2 taken from each plot.
 Biological yield (kg) per fed: It was determined by weight-
ing all the plants of each plot and then converted to kg/fed.
 Grain yield (kg) per fed: It was determined by weighting the
total grain yield of each plot and then converted to kg/fed.
 Harvest index (HI) was calculated according to the follow-
ing formula:
HI ¼ Grain yield ðkg=fed:Þ=Total biological yield ðkg=fed:Þ
Soybean crop:
 Plant height (cm) which was determined from the average
of ﬁve random plants samples taken from each plot.
 Biological yield (kg/fed): whole plants of each plot were
harvested then weighted and transformed to biological yield
per fed, according the plot area.
 Seed yield (kg/fed) which was calculated according to the
total seed yield per each plot area.
 Harvest index (HI) was calculated according to the follow-
ing formula:HI ¼ Seed yield ðkg=fed:Þ=Total biological yield ðkg=fed:Þ
 Gross energy amount (kcal/kg) was calculated depending on
the biological yield per fed. The fairest mechanisms for that
evaluation were as follows:
Tn
2
T
F
N
1
L
N
1
L
108 O.M. Harb et al.(1) The biological yields (kg/fed) for wheat and soybean
was transferred to dry weight/fed.
(2) The gross energy (GE) (kcal/kg) for each crop was
calculated depending on the estimated biological dry
weight/fed, which was obtained from the chemical
of each crop (carbohydrates (%), crude protein (%),
crude ﬁber (%), and fats (%) Ether Extract method)
as shown in the following tables.Results
Winter, 2013/2014 season
Winter (2012/2013)
During that season wheat crop was growing under the effect of
the studied NPK fertilizer rates only because the tillage sys-
tems did not occur yet. It is worthy to mention that, maize
by-products (the previous crop) were hammered and mixed
with the soil. Results recorded in Table 3 reveal that, wheat
plant height (cm), number of spikes/m2, biological yield, grain
yield and gross energy (kcal/kg) were increased signiﬁcantly by
4.87%, 113.35%, 47.15%, 44.62% and 10.16% respectively by
feeding the 100% of the recommended doses of NPK fertilizer
compared by adding the half NPK doses.
These results were similar to the ﬁndings concluded by
Osman et al. (2014) and they found that, no. spikes/m2, grain
spike, 1000-grain weight and grain yield were signiﬁcantly
higher at 200 kg N/ha1 in both years and mean over years
than all other treatments (0, 100, 150, and 250 kg ha1).
Summer, 2013 season
Soybean (2013)
Results presented in Table 4 show the effect of tillage systems,
NPK fertilizer levels and the interaction between them on stud-
ied traits of soybean during summer 2013 season through
(maizeﬁ wheatﬁ soybeanﬁ wheatﬁ soybean) crop sequence.
It is worthy to mention that, insigniﬁcant differences had been
achieved between conventional tillage (CT), semi-conservation
agriculture (SCA) and conservation agriculture (CA) for the
studied soybean traits.able 3 Effect of fertilizer levels on yield and yield compo-
ents of wheat through (maizeﬁ wheat) crop system in 2012/
013 season.
reatments Crop rotation sequences system
Wheat after maize
ertilizer level Plant
height (cm)
Grain yield
(kg/fed)
GE
(kcal/kg4)
PK 93.3 2916.6 80.2
/2 NPK 89.0 2016.6 72.8
DS at 5% 2.0 97.8 2.7
No. of
spikes (m2)
Biological
yield (kg/fed)
PK 436.6 10389.9
/2 NPK 204.6 7060.0
DS at 5% 13.0 360.8As for the effect of studied NPK fertilizer levels, results of
the studied soybean characters in summer 2013 indicate that,
100% of the recommended doses of NPK signiﬁcantly
favored soybean plant height (cm), biological yield (kg/fed),
seed yield (kg/fed) and gross energy (kcal/kg) as compared
by 50% of the recommended dose of NPK fertilizers, and
they were enhanced by 23.91%, 144.35%, 43.52% and
22.78% respectively. On the other hand, the results revealed
that, 50% of the recommended dose of NPK signiﬁcantly
increased harvest index as compared by the 100% of the
recommended dose of NPK by 69.65%.
Referring to the interaction effect between studied treat-
ments, results clearly showed that, it had signiﬁcant effect on
the studied traits; Table 4 clearly shows that, the application
of conservation agriculture (CA) and fed by the 100% of the
recommended dose of NPK fertilizers scored the greatest value
for soybean biological yield, seed yield (kg/fed) and gross
energy (kcal/kg) as compared with the other treatments. In
contrast, the lowest values for soybean plant height, biological
yield and seed yield were resulted under the condition of con-
ventional tillage (CT) and fed by the 50% of the recommended
dose of NPK fertilizers being 85.33 cm, 2037 kg/fed, and
710 kg/fed respectively.
Winter, 2013/2014 season
Wheat (2013/2014)
Data in Table 5 illustrate the effect of tillage systems, NPK
fertilizer level and the interaction effect between them
through maizeﬁ wheatﬁ soybeanﬁ wheatﬁ soybean crop
sequence in the winter season of 2013/2014. From the results,
it could be noticed that, conservation agriculture (CA) signif-
icantly pronounced its superiority reﬂection by increasing
wheat no. of spikes/m2 by 18.51%, 59.41%, biological
yield/fed by 8.73%, 48.91%, grain yield/fed by 10.42%,
27.65% and gross energy (kcal/kg) by 2.14%, 10.84% as
compared with semi-conservation agriculture (SCA) and con-
ventional tillage (CT) respectively. As for harvest index
results, conventional tillage (CT) signiﬁcantly increased wheat
harvest index by 18.82% and 16.87% as compare by SCA
and CA respectively.
To conﬁrm, similar results were obtained by Osman et al.
(2014) who found that, zero tillage straw retained (ZTsr) pro-
duced highest no. spikes/m2 among tillage methods. However,
grain spike, 1000-grain weight and grain yield were higher in
tillage methods with either straw retained/incorporated than
tillage methods with straw burnt. In addition, Paz (1999) sta-
ted that, wheat yield when cropped under no-till system pre-
sents higher productivity combined with crop rotation than
under continuous cropping; lower productivity tends to occur
under conventional tillage and the difference in productivity
under no-till using crop rotation and continuous cropping is
450 kg/ha for wheat. Moreover, Nassar (1998) pointed that,
no-tillage method gave the highest value for number of
spikes/m2, 1000-grains weight and highest reduction of dry
weight of total annual weeds at the age of 60 and 90 days.
With respect to fertilizer levels, results in the previous table
showed that, 100% of the recommended doses of NPK signif-
icantly favored wheat biological yield (kg/fed), grain yield
(kg/fed) and gross energy (kcal/kg) as compared by 50% of
the recommended dose of NPK fertilizers by 15.79%,
Table 4 Effect of tillage system and fertilizer levels on yield and yield component of soybean through (maizeﬁ wheatﬁ soy-
beanﬁ wheatﬁ soybean) crop system in 2013 season.
Treatments Plant height
(cm)
Biological yield (kg/
fed)
GE (kcal/
kg4)
Seed yield (kg/
fed)
Harvest
index
Tillage systems Fertilizer
level
Conventional tillage (CT) NPK 116.33 5244.00 71.78 1233.00 0.235
1/2 NPK 85.33 2037.00 59.86 710.00 0.349
Mean 100.83 3640.50 65.82 971.50 0.292
Semi-conservation agriculture
(SCA)
NPK 117.67 5297.00 71.96 1235.00 0.233
1/2 NPK 99.33 2260.00 58.16 957.00 0.423
Mean 108.50 3778.50 65.06 1096.00 0.328
Conservation agriculture (CA) NPK 116.67 5389.00 72.27 1262.00 0.234
1/2 NPK 98.33 2221.00 57.90 932.00 0.420
Mean 107.50 3805.00 65.09 1097.00 0.327
General mean TS 105.61 3741.33 65.32 1054.83 0.316
Over all TS · F
NPK 116.89 5310.00 72.00 1243.33 0.234
1/2 NPK 94.33 2172.67 58.64 866.33 0.397
LSD at 5%
Tillage systems (TS) = NS NS NS NS NS
Fertilizer (F) = 12.06 484.00 6.09 326.00 0.011
TS · F = 22.45 997.00 12.56 396.00 0.030
Table 5 Effect of tillage system and fertilizer levels on yield and yield component of wheat through (maizeﬁ wheatﬁ soy-
beanﬁ wheatﬁ soybean) crop system in 2013/2014, season.
Treatments No. of spikes
(m2)
Biological yield (kg/
fed)
GE (kcal/
kg4)
Grain yield (kg/
fed)
Harvest
index
Tillage systems Fertilizer
level
Conventional tillage (CT) NPK 371.00 10,390 80.24 2933 0.282
1/2 NPK 264.67 7060 72.85 2015 0.285
Mean 317.84 8725 76.55 2474 0.284
Semi-conservation agriculture
(SCA)
NPK 437.00 12,600 84.20 3037 0.241
1/2 NPK 418.00 11,298 81.94 2683 0.238
Mean 427.50 11,949 83.07 2860 0.240
Conservation agriculture (CA) NPK 520.33 13,132 85.08 3200 0.244
1/2 NPK 493.00 12,852 84.62 3117 0.243
Mean 506.67 12,992 84.85 3159 0.244
General mean 417.33 11,222 81.49 2831 0.256
Over all TS · F
NPK 442.78 12,041 83.17 3057 0.256
1/2 NPK 391.89 10,403 79.80 2605 0.255
LSD at 5%
Tillage systems (TS) = 25.90 571 1.21 221 0.026
Fertilizer (F) = NS 1137 3.96 450 NS
TS · F = 180.65 2166 6.39 749 NS
Conservation agriculture in Egypt 10917.33% and 4.22% respectively. On the other hand, insigniﬁ-
cance effect had been achieved for the studied NPK fertilizer
doses on no. of spikes/m2 and harvest index.
These results were similar to the ﬁndings concluded by
Osman et al. (2014) and they found that, no. spikes/m2, grain
spike, 1000-grain weight and grain yield were signiﬁcantly
higher at 200 kg N/ha1 in both the years and mean over years
than all other treatments (0, 100, 150, and 250 kg ha1).Regarding the interaction effect between studied treat-
ments, results recorded in Table 5 clarify that, growing wheat
plants under the condition of conservation agriculture (CA)
and fed by the 100% of the recommended dose of NPK fertil-
izers scored the greatest value for no. of spikes/m2 (520.33),
biological yield (13,132 kg/fed), grain yield (3200 kg/fed) and
gross energy (85.08 kcal/kg). On the contrary, the lowest value
for the above mentioned traits was resulted under the
110 O.M. Harb et al.condition of conventional tillage (CT) and fed by the half rec-
ommended dose of NPK fertilizers 264.67, 7060 kg/fed,
2015 kg/fed and 72.85 kcal/kg respectively.
The harvest index results recorded in Table 4 reveal that the
application of conventional tillage (CT) + 100% of the recom-
mended dose or 1/2 dose of NPK gave the greatest value for
that trait and the differences between them did not reach the
signiﬁcant level.
These results are in agreement with those of Osman et al.
(2014) who found that, zero tillage straw retained (ZTsr) pro-
duced highest no. spikes/m2 and 1000-grain weight, at
200 kg N/ha and produced higher soil organic matter (SOM)
at 200–250 kg N ha at the end of 2 yr cropping. Thus ZTsr
with 200 kg N/ha may be an optimum and sustainable
approach to enhance wheat yield and soil quality. In addition,
Tolera et al. (2005) they concluded that, higher grain yield and
straw biomass of wheat were obtained from wheat produced
on minimum tillage following faba bean with recommended
N–P fertilizer application as compared to barley and continu-
ous wheat. In addition, Kelley and Sweeney (2005) found that
grain yield of wheat following soybean was greater than wheat
following grain sorghum. Mean grain yield of wheat following
barley was equal or less than continuously planted under min-
imum and conventional tillage system.
Summer, 2014 season
Soybean (2014)
Results presented in Table 6 showed that, soybean plant
height (cm), biological yield (kg/fed), seed yield (kg/fed) and
harvest index are affected by tillage systems, NPK fertilizer
level and the interaction effect between them through
maizeﬁ wheatﬁ soybeanﬁ wheatﬁ soybean crop sequence
in 2014 season.
Results concluded that, conservation agriculture (CA)
signiﬁcantly pronounced its superiority reﬂected on increase
soybean plant height by 25.76%, 10.73%, biological yield/fed
by 32.02%, 21.20%, seed yield/fed by 37.29%, 17.25% and
gross energy by 7.73%, 5.12% as compared with either of
conventional tillage (CT) or semi-CA respectively. As for
harvest index results revealed that, semi-CA signiﬁcantly
showed its superiority reﬂected on increase soybean harvest
index by 3.70%, 6.21% as compared with either of conserva-
tion agriculture (CA) or conventional tillage (CT)
respectively.
These previous results were similar to the ﬁndings con-
cluded by Paz (1999) who indicated that, soybean yield when
cropped under no-till system presents higher productivity com-
bined with crop rotation than under continuous cropping;
lower productivity tends to occur under conventional tillage
and the difference in productivity under no-till using crop rota-
tion and continuous cropping is 500 kg/ha for soybean.
With respect to fertilizer levels, results in Table 6 are evi-
dent that there is no signiﬁcant difference between the recom-
mended doses of NPK and the half dose of it for soybean plant
height (cm), biological yield/fed, seed yield/fed, harvest index
and gross energy (kcal/kg).
Similar results were conﬁrmed by Derpsch (2008) who
reported that, soybean yield increased by 56%, while fertilizer
inputs for these crops were cut back by 50%. In addition,
Boddey et al. (2006) that found that, Legumes in CA rotationsprovide increased availability of nitrogen, thus diminishing the
need for large amounts of applied nitrogenous fertilizers.
Regarding the effect of ﬁrst order interaction between til-
lage system and fertilizer levels, results recorded in Table 6
clarify that, growing soybean plants under the condition of
conservation agriculture (CA) and fed by 100% of the recom-
mended dose or half dose of NPK fertilizers exposed the great-
est values for plant height (138.33–136.67 cm), biological yield
(6265–4825 kg/fed), seed yield (1638–1602 kg/fed) and gross
energy (75.04–70.30 kcal/kg) respectively.
These previous results were similar to the ﬁndings con-
cluded by Paz (1999) who indicated that, soybean yield when
cropped under no-till system presents a higher productivity
combined with crop rotation than under continuous cropping;
lower productivity tends to occur under conventional tillage
and the difference in productivity under no-till using crop rota-
tion and continuous cropping is 500 kg/ha for soybean.
The recorded improvement of soil fertility at the end of crop
sequence system
The comparison between the soil analyses recorded in Table 1
for the experimental site before beginning the research and
those recorded in Table 7 at the end of crop sequence in sum-
mer 2014 season for their location of the tillage system
revealed that, or approved that, CA led to decrease the EC
by 2.16% and increased the organic matter (OM) by 319.5%
and available N by 210.7%, P by 272.72% and K by 183.5%
under the condition of half recommended dose of NPK fertil-
izer as compared with the analysis before starting the project
plan.
It is worthy to mention that, the comparison between CT
and CA system under the condition of half NPK dose fertilizer
that, CA exposed its superiority to improve the soil content of
OM by 20.6%, available N by 42.65%, and P by 10.06% and
K by 42.5% as compared with CT system.
Discussion
As explained before, in Egypt our agricultural farming systems
involving extensive tillage and removal or on-site burning of
crop residuals led to soil erosion and degradation. Verhulst
et al. (2010) conﬁrmed that, an increase in the production cost
was reﬂected through the intensive consumption of chemical
fertilizer for improving the soil productivity to gain proﬁt.
Conservation agriculture (CA) is approving the approach
to save food production and mix possible beneﬁts to small-
holder farmers, consumers and rural national economies espe-
cially in dry regions such as Egypt.
The innovation of conservation agriculture is to avoid
plowing of the soil, which saves time, energy and labor while
conserving water and nutrients in the soil to support crop pro-
duction, as shown from the results of the researches that, con-
servation agriculture gives at least the same yield as
conservational tillage, more often with less time and energy
input and better environmental sustainability.
The results of our research conﬁrmed almost the beneﬁt of
fallow conservation agriculture as compared with the conven-
tional tillage (CT). The results revealed that, by applying the
conservation agriculture instructions (1 – minimum soil distur-
bance, 2 – permanent soil cover with crop residuals or cover
crops and 3 – crop rotation with different plant species which
Table 7 Soil properties after the ﬁnished of crop sequence of [maizeﬁ wheatﬁ soybeanﬁ wheatﬁ soybean] after the harvest of
soybean, 2014.
Crop
sequence
Tillage system Fertilizer
treatments
PH
1:2
EC
(ppm)
Organic matter
(OM) (%)
N
(mg kg1)
P
(mg kg1)
K
(mg kg1)
M–W–S–
W–S
Conventional tillage (CT) NPK 8.04 152.32 1.60 64.0 1.50 40.8
1/2 NPK 8.02 152.32 1.60 61.0 1.49 40.0
Semi-conservation
agriculture (SCA)
NPK 8.10 165.12 1.72 77.0 1.61 49.0
1/2 NPK 8.09 164.48 1.73 77.0 1.59 48.0
Conservation agriculture
(CA)
NPK 8.30 171.52 1.95 88.0 1.68 57.7
1/2 NPK 8.27 170.24 1.93 87.0 1.64 57.0
Table 6 Effect of tillage system and fertilizer levels on yield and yield components of soybean through crop system
(maizeﬁ wheatﬁ soybeanﬁ wheatﬁ soybean) in 2014 season.
Treatments Plant
height (cm)
Biological
yield (kg/fed)
GE
(kcal/kg4)
Seed yield
(kg/fed)
Harvest
index
Tillage system Fertilizer level
Conventional tillage (CT) NPK 110.33 5300 71.97 1360 0.257
1/2 NPK 108.33 3100 62.94 1000 0.323
Mean 109.33 4200 67.45 1180 0.290
Semi-conservation agriculture (SCA) NPK 125.00 5450 72.47 1510 0.277
1/2 NPK 123.33 3700 65.78 1253 0.339
Mean 124.17 4575 69.13 1382 0.308
Conservation agriculture (CA) NPK 138.33 6265 75.04 1638 0.262
1/2 NPK 136.67 4825 70.30 1602 0.332
Mean 137.50 5545 72.67 1620 0.297
General mean TS 123.67 4773 69.75 1394 0.298
Over all TS · F
NPK 124.55 5672 73.16 1503 0.265
1/2 NPK 122.78 3875 66.34 1285 0.331
LSD at 5%
Tillage systems (TS) = 8.5 498 1.32 119 0.010
Fertilizer (F) = NS NS NS NS NS
TS · F = 28.69 1970 9.12 590 0.050
Conservation agriculture in Egypt 111include legumes) starting from summer season 2013 with soy-
bean crop through winter season 2013/2014 with wheat and
ended by summer season of 2014 with soybean in the same site,
results recorded a gradual improvement in the productivity,
starting from non-signiﬁcant differences between the three
tested tillage systems on soybean studied traits until the end
of the crop sequence. This is in agreement with that docu-
mented by International Center for Agriculture Research in
the dry areas (ICARDA, 2011) who reported that CA gives
at least the same yields as conservational tillage, which may
be due to increasing nodulations and biological nitrogen ﬁxa-
tion under CA as reported by Muchabi et al. (2014). Through
winter 2013/2014 season with wheat, CA or SCA (semi-CA)
started pronouncing their superiority by increasing wheat no.
of spike/m2, biological yield/fed, grain yield/fed and harvest
index. These results probably were attributed to the role of
the residual organic nitrogen as constructive element come
from planting soybean before.
After harvesting wheat and applying the three tillage
systems to cultivate soybean, CA or SCA tillage system also
led to a more positive effect on the studied soybean traits; thesemay be attributed to the accumulate effect of nutrients in the
soil contrary to that of CA or SCA compared by CT system.
As for the results of ﬁrst order interaction effect between
tillage system and fertilizer NPK rate through the crop
sequences maizeﬁ wheatﬁ soybeanﬁ wheatﬁ soybean for
each crop, it is very interesting to approve that, CA or SCA
led to save half dose of NPK fertilizer rate for each crop and
that gained by the greatest values of studied traits for soybean,
wheat and soybean through 2013, 2013/2014 and 2014.References
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